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Abstract 
Introduction of Magnetically levitated (MAGLEV) vehicles in urban ground transportation offers various challenges in design 
and control of the vehicle and guideway parameters. The research output in this field is increasing day by day; however, there is 
still the necessity of finding simpler and cost-effective analysis that can be adopted in practical design. In the present paper, 
dynamic analysis of MAGLEV-Guideway system has been carried out using SIMULINK in MATLAB toolbox. Two models – 
(i) vehicle being idealized as a series of moving forces (ii) a two degree of freedom double sprung-mass model of vehicle has 
been considered in the analysis. The guideway has been modelled as a single span, simply supported beam. The influence of 
vehicle speed on guideway response has been studied and the results have shown that guideway and car-body response generally 
increase with increasing velocity. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICOVP 2015. 
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1. Introduction 
Magnetic Levitation (Maglev) chiefly refers to any transportation system in which vehicles are suspended, guided 
and propelled by magnetic forces. There are two modes of magnetic levitation. The first type utilizes the attractive 
force between iron-core electromagnets and ferromagnetic rails and is known as Electromagnetic Suspension (EMS). 
The second type utilizes the repulsive force between superconductivity magnets and induced currents in conductive 
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guideway components and is known as Electrodynamic Suspension (EDS). The current study focuses on the EMS 
system. Maglev trains have numerous advantages over conventional high-speed trains. Maglev trains are much 
faster, it is frictionless and hence energy efficient, require very less maintenance and have much longer lifetimes [2]. 
But the high initial cost is a major hurdle. The expense of guideway construction involves 60%-80% in the entire 
venture of the system [5] which necessitates optimal design of the guideway to reduce the cost of construction. The 
objective of the study is to perform dynamic analysis of Maglev vehicle-guideway system and compare coupled and 
uncoupled vehicle-guideway models. Using a simplified vehicle model the vehicle heave acceleration is studied, 
which is of particular interest due to the fact that it is an indication of passenger ride comfort. 
2. The Vehicle-Guideway system 
2.1. Guideway Model 
The guideway is modelled as a simply supported Bernoulli-Euler beam with constant cross-section. The guideway 
model is defined in two-dimensions only. It is considered to be initially at rest. The governing differential equation 
of motion of the beam is developed considering the equilibrium of the forces and moments and solved with modal 
analysis method. A total of 10 modes of vibration are considered. The displacement of the beam is expressed as, 
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where Ik (x) denotes the mode shape function of the beam and qk (t) the generalized modal coordinate corresponding 
to kth mode of vibration. For single span, simply supported beam, the mode shape function is given by, 
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The governing dynamic equation for the generalized modal coordinate is derived from the equation of motion of the 
beam based on Modal analysis method [2, 5, 6] and can be written as, 
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    where x is the axial coordinate; t is the time;  y(x,t) is the deflection of the beam along y-axis; L is the length of the 
beam; m is the mass per unit length of the guideway; [k is the modal damping ratio of kth mode; ωk is the natural 
frequency of the kth mode; F(x,t) are electromagnetic interaction forces between vehicle and the guideway, given by  
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where, xi is the coordinate of the ith electromagnetic force; δ is the Dirac delta function; n is the number of interaction 
forces. 
     The cross-section of a standard concrete guideway as given in Magnetschnellbahn Ausführungsgrundlage 
Fahrweg Teil II has been adopted in the current study.  
2.2. Vehicle Model- Series of Moving Loads (Model-1) 
Two vehicle models are developed, first as a series of four moving forces (Model-1), secondly as a Two degrees-
of-freedom (DOF) double sprung mass model with a single levitation frame (Model-2) as shown in Figure 1.  
 
Fig. 1. The Guideway vehicle models 
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The first vehicle model is a series of four moving loads. The coupling of vehicle and guideway is ignored. It is 
assumed that the vehicle provides equal constant concentrated force through each levitation frame acting at equal 
distances. The equation of motion is developed from equation (3) by defining the position of the ith load (i=1, 2, 3, 
4), which is a function of velocity and distance between the loads. ^ `2 422
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Where, the moving forces Fi are given by, 
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2.3. Vehicle Model- Quarter Car Model (Model-2) 
The second vehicle model is a two degrees-of-freedom (DOF) quarter car model, considering only vertical 
displacements. This simplification, which is based on the assumption that vertical motion is dominant and that other 
motions can be ignored when vertical motion is evaluated [1]. The coupling between vehicle and guideway is taken 
into account. The vehicle comprises of a Car-body and a single levitation frame. There are two suspension systems: 
the primary or magnetic suspension comprising of primary stiffness (kp) and primary damping (cp) and the 
secondary suspension comprising of secondary stiffness (ks) and secondary damping (cs). The primary suspension 
acts between the levitation frame and the guideway, while the secondary suspension is between the levitation frame 
and the Car-body. The free body diagrams for the Car-body and the levitation frame are developed and their 
respective equations of motion are obtained considering force equilibrium condition. zv denotes the vertical 
displacement of the Car-body and zf denotes the vertical displacement of the levitation frame. mv and mf are the mass 
of Car-body and levitation frame respectively. The equation of motion of the Car-body is given by, 
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 The equation of motion of the levitation frame is given by, 
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And the equation of motion of the guideway is given by, 
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3. Solution Technique 
3.1. Series of Moving Loads (Model-1) 
Using the governing differential equations of motion, the SIMULINK models for the two loading cases are 
developed and simulations are performed to obtain guideway and vehicle responses. Figure 2 shows the Simulink 
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block diagram for Model-1 developed using equation (5) and (6). The subsystem ‘Moving Forces’ comprises of the 
time delay blocks for the succeeding moving loads. 
 
Fig. 2. Simulink Model-1: Series of moving forces 
3.2. Quarter Car model (Model-2) 
Figure 3 shows the Simulink block diagram for Model-2 which shows the interaction between the car-body, 
levitation frame and the guideway. The guideway output responses (displacement and velocity) are given as input to 
the levitation frame, which in turn gives the input response to the car-body. The cycle then continues and the Car-
body gives the reaction to the levitation frame and the levitation frame to the guideway. Figure 4 show the 
subsystem of the Car-body developed from equation (7). The inputs are obtained from the response of the levitation 
frame.  
 
Fig. 3. Simulink Model-2: Two-DOF double sprung mass mode 
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Fig. 4. Model-2 Car-body 
Figure 5 shows the subsystem of the levitation frame developed using equation (8). There are four inputs, two of 
each are obtained from the Car-body and Guideway subsystems. Two outputs are sent to the Guideway and two to 
the car-body subsystem. The Guideway subsystem as shown in figure 6 is developed using equation (9). The output 
is sent to the levitation frame to complete the interaction model. 
 
 
 
Fig. 5. Model-2 Levitation frame 
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Fig. 6. Model-2 Guideway 
4. Results and Discussion 
Simulations are performed to understand the dynamic behaviors of the coupled vehicle-guideway system developed 
in the previous sections. The effects of the Maglev vehicle speed on the dynamic response of the system are 
investigated. Vehicle speed of 50m/s, 100m/s and 150m/s are used to perform the analyses. The guideway 
parameters are taken partly from per Magnetschnellbahn Ausführungsgrundlage Fahrweg Teil II and partly from 
Ren et al. (2009) which are shown in Table 1. Table 2 shows the vehicle parameters which have been adopted from 
Ren et al. (2009). 
        
        Table 1. Guideway Parameters 
Guideway parameters   
Length of Guideway L 24.768 m 
Guideway mass per unit length m 3470.9 kg/m 
Modulus of Elasticity E 35.684×109 N/m2 
Moment of Inertia I 0.543244 m4 
Damping coefficient ξ 0.6% 
 
         Table 2. Vehicle parameters 
Vehicle parameters   
Length of vehicle Lv 24.768 m 
Carriage mass mv 29200 kg 
Carriage body pitch Inertia Iv 1.75×106 kg.m2 
Total mass Levitation frames mf 32000 kg 
Total Primary Stiffness kp 1.18×108 N/m 
Total Secondary Stiffness ks 6.812×105 N/m 
Total Primary Damping cp 2.15×106 N s/m 
Total Secondary Damping cs 8.46×104 N s/m 
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The guideway and vehicle responses are obtained and plotted versus the position of the moving vehicle. Figure 7(a) 
and 7(b) shows the guideway displacements for different vehicle speeds for Model-1 and Model-2 respectively. 
Similarly, Figure 8(a), 8(b) and 9(a), 9(b) show the guideway acceleration and guideway velocity for the two vehicle 
models. It is observed that the guideway response generally increases with increase in velocity. However, exceptions 
may be found in certain cases. As observed in figure 7(a), the guideway displacement for Model-1 at vehicle speed 
100m/s is less than that of vehicle speed 50m/s. Model-2 shows higher magnitude of guideway response due to the 
effect of an individual moving load. 
 
Fig. 7(a). Guideway displacement vs location of first moving force of 
Model-1 
Fig. 7(b). Guideway displacement vs Location of moving force 
ofModel-2 
 
Fig. 8(a). Guideway acceleration vs location of first moving force of 
Model-1 
Fig. 8(b). Guideway acceleration vs Location of moving force of 
Model-2 
 
Fig. 9(a). Guideway velocity vs location of first moving force of Model-1 Fig. 9(b). Guideway velocity vs Location of moving force of 
Model-2 
Figure 10 shows the car-body vertical acceleration and figure 11 shows the levitation frame vertical acceleration of 
Model-2 for different vehicle speeds (50m/s, 100m/s and 150m/s). The car-body vertical acceleration and levitation 
frame vertical acceleration also show an increase in response with increase in velocity.  
1101 Rupam Pratim Talukdar and Sudip Talukdar /  Procedia Engineering  144 ( 2016 )  1094 – 1101 
 
                  Figure 10: Car-body vertical acceleration vs                  Figure 11: Levitation frame vertical acceleration  
                   Location of moving force of Model-2               vs Location of moving force of Model-2                     
“Air-gap is the clearance between guideway surface and supporting magnet” [4]. In order to prevent physical 
contact, the air-gap ought to be maintained within a limited value. A nominal air-gap of 8-10 mm is kept for EMS 
Maglev system [7]. Figure 12 shows the Air-Gap fluctuation of Model-2 for different vehicle speeds. It can be 
observed that with an increase in vehicle speed, the air-gap fluctuation increases as well. However, it remains well 
within the prescribed nominal air-gap. 
 
Fig. 12. Air-Gap fluctuation vs Location of moving force of Model-2 
5. Conclusion 
In this study, two different types of vehicle models were developed- a series of moving load and a Two-DOF double 
sprung mass model. The study was done to understand and investigate the vehicle-guideway interaction dynamics of 
a high-speed maglev system using MATLAB-SIMULINK. The effect of vehicle speed on the dynamic response of 
the vehicle-guideway system is then investigated using the developed SIMULINK models. It could be observed that 
there is a general trend of increasing vehicle-guideway response with increasing vehicle speed, with a few 
exceptions. The criteria for guideway deflection can be obtained as per the maximum operating speed of the Maglev 
vehicle. Also, the higher response of the quarter car model as compared to the series of moving loads highlights the 
significance of distributed load. 
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